Path integration has long been thought of as an obligatory process that automatically updates one's position and orientation during navigation. This has led to the hypotheses that path integration serves as a back-up system in case landmark navigation fails, and a reference system that detects discrepant landmarks. Three experiments tested these hypotheses in humans, using a homing task with a catch-trial paradigm. Contrary to the back-up system hypothesis, when stable landmarks unexpectedly disappeared on catch trials, participants were completely disoriented, and only then began to rely on path integration in subsequent trials (Experiment 1). Contrary to the reference system hypothesis, when stable landmarks unexpectedly shifted by 115°on catch trials, participants failed to detect the shift and were completely captured by the landmarks (Experiment 2). Conversely, when chronically unstable landmarks unexpectedly remained in place on catch trials, participants failed to notice and continued to navigate by path integration (Experiment 3). In the latter two cases, they gradually sensed the instability (or stability) of landmarks on later catch trials. These results demonstrate that path integration does not automatically serve as a back-up system, and does not function as a reference system on individual sorties, although it may contribute to monitoring environmental stability over time. Rather than being automatic, the roles of path integration and landmark navigation are thus dynamically modulated by the environmental context.
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Introduction
Humans and a wide variety of nonhuman animals rely on two basic navigation mechanisms: landmark navigation and path integration (Barry & Burgess, 2014; Etienne & Jeffery, 2004; Gallistel, 1990; Trullier, Wiener, Berthoz, & Meyer, 1997) . Landmark navigation refers to the process that uses visual features of the environment (e.g., landmarks, beacons, boundaries, or environmental geometry) for homing, reorientation, and wayfinding (Epstein & Vass, 2014; Foo, Warren, Duchon, & Tarr, 2005; Franz, Schölkopf, Mallot, & Bülthoff, 1998; Gillner, Weiss, & Mallot, 2008; Trullier et al., 1997) . Path integration, on the other hand, refers to the process that keeps track of one's position and orientation by integrating the linear and angular components of self-motion, primarily based on idiothetic information (e.g., motor, proprioceptive, and vestibular information, Collett & Collett, 2000; Etienne & Jeffery, 2004; Kearns, Warren, Duchon, & Tarr, 2002; Loomis et al., 1993; Müller & Wehner, 1988 
